(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 1 071 124 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) int. ci. 7 H01L 21/3213, H01L21/768, 




24.01.2001 Bulletin 2001/04 




H01 L 23/528 


(21) 


Application number: 00115333.7 






(22) 


Date of filing: 14.07.2000 






(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Suzawa, Hideomi 




MC NL PT SE 




Atsugi-shi, Kanagawa-ken 243-0036 (JP) 




Designated Extension States: 


• 


Ono, Koji 




AL LT LV MK RO SI 




Atsugi-shi, Kanagawa-ken 243-0036 (JP) 


(30) 


Priority: 22.07.1999 JP 20695499 


(74) 


Representative: 


(71) 






Grunecker, Kinkeldey, 


Applicant: 




Stockmair & Schwanhausser 




SEL SEMICONDUCTOR ENERGY LABORATORY 




Anwaitssozietat 




CO., LTD. 




Maximilianstrasse 58 




Atsugi-shi, Kanagawa-ken 243-0036 (JP) 




80538 Munchen (DE) 



(54) Dry etching method for forming tungsten wiring in a semiconductor device 



(57) A dry etching method for forming tungsten wir- 
ing having a tapered shape and having a large specific 
selectivity with respect to a base film is provided. If the 
bias power density is suitably regulated, and if desired 
portions of a tungsten thin film are removed using an 

width Z 



etching gas having fluorine as its main constituent, then 
the tungsten wiring having a desired taper angle can be 
formed. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to a semicon- 
ductor device having a circuit comprised of a thin film 
transistor (hereafter referred to as TFT), and a method 
of manufacturing thereof. For example, the present io 
invention relates to an electro- optical device typified by 
a liquid crystal display panel, and to electronic equip- 
ment in which the electro-optical device is installed as a 
part. In particular, the present invention relates to a dry 
etching method of etching a metallic thin film, and to a 15 
semiconductor device provided with a tapered shape 
wiring obtained by the dry etching method. 
[0002] Note that throughout this specification, the 
term semiconductor device denotes a general device 
which functions by utilizing semiconductor characteris- 20 
tics, and that electro-optical devices, semiconductor cir- 
cuits, and electronic equipments are all semiconductor 
devices. 

2. Description of the Related Art 25 

[0003] Techniques of structuring a thin film transis- 
tor (TFT) using a semiconductor thin film (having a 
thickness on the order of several nm to several hundred 
of nm) formed on a substrate having an insulating sur- 30 
face have been in the spotlight in recent years. Thin film 
transistors are widely applied to electronic devices such 
as an IC and an electro-optic device, and in particular, 
development of the TFT as a switching element of a 
pixel display device is proceeding rapidly. 35 
[0004] Conventionally, Al is often used in a TFT wir- 
ing material due to things such as its ease of workability, 
its electrical resistivity, and its chemical resistance. 
However, when using Al in a TFT wiring, the formation 
of a protuberance such as a hillock or a whisker due to 40 
heat treatment, and the diffusion of aluminum atoms 
into a channel forming region, causes poor TFT opera- 
tion and a. reduction of TFT characteristics. High heat 
resistance tungsten (W), with a relatively low bulk resis- 
tivity of 5.5 • cm, can therefore be given as a prefer- 45 
able wiring material other than Al as a wiring material. 
[0005] Further, in recent years, the demands of 
micro-processing techniques have become severe. In 
particular, with changes in high definition and large 
screens of a liquid crystal display, high selectivity in the 50 
wiring processing step as well as extremely strict control 
of line width is required. 

[0006] A general wiring process can be performed 
by wet etching using a solution or by dry etching using a 
gas. However, when considering miniaturization of the 55 
wiring, maintenance of repeatability, reduction of waste, 
and decrease of cost, wet etching is unfavorable, and 
therefore dry etching is considered favorable for wiring 



processing. 

[0007] When processing tungsten (W) by dry etch- 
ing, a mixed gas of SF 6 and Cl 2 is generally used as an 
etching gas. While micro-processing with a large etch- 
ing rate in a short time is possible when this gas mixture 
is used, it is difficult to obtain a desirable tapered shape. 
In order to improve the coverage of a lamination film 
formed on the wiring, there are cases in which the cross 
section of the wiring is made an intentional forward 
taper, depending upon the device structure. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to pro- 
vide a method of dry etching for patterning an etching 
layer made from tungsten (W) or a tungsten compound 
so as to give the cross section a forward tapered shape. 
Further, another object of the present invention is to pro- 
vide a method of controlling the dry etching method so 
as to have a uniform, arbitrary taper angle over the 
entire etching layer, with no dependence upon location. 
In addition, another object of the present invention is to 
provide a semiconductor device using a wiring having 
the arbitrary taper angle obtained from the above 
method, and a method of manufacturing the semicon- 
ductor device. 

[0009] A structure of the present invention dis- 
closed in this specification relating to a wiring is: 

a wiring having a tungsten film, a metallic com- 
pound film having a tungsten compound as its main 
constituent, or a metallic alloy film having a tung- 
sten alloy as its main constituent, characterized in 
that a taper angle a is within a range of 5° to 85°. 

[0010] Further, another structure of the present 
invention relating to a wiring is: 

a wiring having a lamination structure of laminated 
thin films selected from the group consisting of: a 
tungsten film; a metallic compound film having a 
tungsten compound as its main constituent; and a 
metallic alloy film having a tungsten alloy as its 
main constituent, characterized in that a taper 
angle a is within a range of 5° to 85°. 

[0011] In each of the above structures, the metallic 
alloy film is characterized in that it is an alloy film of one 
element, or a plurality of elements, selected from the 
group consisting of: Ta; Ti; Mo; Cr; Nb; and Si, and tung- 
sten. 

[0012] Furthermore, the metallic compound film is 
characterized in that it is a nitride film of tungsten in 
each of the above structures. 

[0013] Moreover, in order to increase adhesion in 
each of the above structures, a silicon film having con- 
ductivity (for example, a phosphorous doped silicon film 
or a boron doped silicon film) may be formed as the low- 
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est layer of the wiring. 

[0014] A structure of the present invention relating 
to a semiconductor device is: 

a semiconductor device provided' with a wiring 
made from a tungsten film, a metallic compound 
film having a tungsten compound as its main con- 
stituent, or a metallic alloy film having a tungsten 
alloy as its main constituent, in which a taper angle 
a is within a range of 5° to 85°. 

[0015] Further, another structure of the present 
invention relating to a semiconductor device is: 

a semiconductor device provided with a wiring 
made from a lamination structure of laminated thin 
films selected from the group consisting of: a tung- 
sten film; a metallic compound film having a tung- 
sten compound as its main constituent; and a 
metallic alloy film having a tungsten alloy as its 
main constituent, in which a taper angle a is within 
a range of 5° to 85°. 

[0016] In each of the above semiconductor related 
structures, the wiring is characterized in that it is a gate 
wiring of a TFT. 

[0017] Furthermore, a structure of the present 
invention relating to a method of manufacturing a wiring 

is: 

a method of manufacturing a wiring, comprising: 

a step of forming a metallic thin film on a base 
film; 

a step of forming a resist pattern on the metallic 
thin film; and 

a step of forming the wiring, in which a taper 
angle a is controlled in accordance with bias 
power density, by performing etching of the 
metallic thin film having the resist pattern. 

[0018] Moreover, another structure of the. present 
invention relating to a method of manufacturing a wiring 

is: 

a method of manufacturing a wiring, comprising: 

a step of forming a metallic thin film on a base 
film; 

a step of forming a resist pattern on the metallic 
thin film; and 

a step of forming the wiring, in which a taper 
angle is controlled in accordance with flow rate 
of a gas containing fluorine, by performing 
etching of the metallic thin film having the resist 
pattern. 

[0019] In each of the above structures relating to 



methods of manufacturing a wiring: 

the method of manufacturing is characterized in 
that: 

5 

the etching is performed using an etching gas 
comprised of a mixed gas of a first reaction gas 
containing fluorine and a second reaction gas 
containing chlorine; and 
io the specific selectivity in the etching gas 

between the base film and the metallic thin film 
is greater than 2.5. 

[0020] Further, the metallic thin film in each of the 
15 above structures relating to methods of manufacturing a 
wiring is characterized in that it is a thin film, or a lami- 
nation film of thin films, selected from the group consist- 
ing of: a tungsten film; a metallic compound film having 
a tungsten compound film as its main constituent; and a 
20 metallic alloy film having a tungsten alloy as its main 
constituent. 

[0021] A structure of the present invention relating 
to a method of dry etching is: 

25 a method of dry etching having the removal by an 
etching gas of a desired portion of a thin film 
selected from the group consisting of: a tungsten 
film; a metallic compound film having a tungsten 
compound film as its main constituent; and a metal- 

30 lie alloy film having a tungsten alloy as its main con- 
stituent, characterized in that the etching gas is a 
mixed gas of a first reaction gas containing fluorine 
and a second reaction gas containing chlorine. 

35 [0022] In the above structure of the present inven- 
tion relating to the dry etching method, the first reaction 
gas is characterized in that it is a gas selected from the 
group consisting of CF 4f C 2 F 6 , and C 4 F 8 . 
[0023] Further, in the above structure of the present 

40 invention relating to the dry etching method, the second 
reaction gas is characterized in that it is a gas selected 
from the group consisting of Cl 2 , SiCl 4 , and BCI3'. 
[0024] Moreover, the etching method is character- 
ized in that it uses an ICP etching device in the above 

45 structure of the present invention related to a method of 
dry etching. 

[0025] The above structure of the present invention 
relating to the dry etching method is further character- 
ized in that a taper angle a is controlled in accordance 
50 with the bias power density of the ICP etching device. 
[0026] Another structure of the present invention 
relating to a method of dry etching is: 

a method of dry etching characterized in that a 
55 taper angle of an inside sidewall of a formed hole or 
recess is controlled in accordance with bias power 
density. 
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[0027] In addition, another structure of the present 
invention relating to a method of dry etching is: 

a method of dry etching characterized in that a 
taper angle of an inside sidewall of a formed hole or 5 
recess is controlled in accordance with specific gas 
flow rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

w 

[0028] In the accompanying drawings: 

Fig. 1 is a diagram showing the dependence of a 
taper angle a on bias power; 

Fig. 2 is a diagram showing the dependence of the 15 
taper angle a on specific CF 4 flow rate; 
Fig. 3 is a diagram showing the dependence of the 
taper angle a on specific (W / resist) selectivity; 
Fig. 4 is a drawing showing a plasma generation 
mechanism of an ICP etching device; 20 
Fig. 5 is a diagram showing a multi-spiral coil 
method ICP etching device; 

Figs. 6A and 6B are explanatory diagrams for a 
taper angle a; 

Figs. 7A to 7C are cross sectional SEM photo- 25 
graphs of wirings; 

Figs. 8A and 8B are cross sectional SEM photo- 
graphs of wirings; 

Figs. 9A and 9B are diagrams showing the depend- 
ence of etching rate and specific (W / resist) selec- 30 
tivity on bias power; 

Figs. 10A and 10B are diagrams showing the 
dependence of etching rate and specific (W / resist) 
selectivity on specific CF 4 flow rate; 
Figs. 11A and 11B are diagrams showing the 35 
dependence of etching rate and specific (W / resist) 
selectivity on ICP power; 

Fig. 12 is a cross sectional diagram of an active 

matrix type liquid crystal display device; 

Fig. 13 is a cross sectional diagram of an active 40 

matrix type liquid crystal display device; 

Fig. 14 is a cross sectional diagram of an active 

matrix type liquid crystal display device; 

Figs. 15A to 15F are cross sectional diagrams of 

wirings; 45 

Fig. 16 is a diagram showing the structure of an 

active matrix type EL display device; 

Fig. 17 is a diagram showing a perspective view of 

an AM-LCD; 

Figs. 18A to 18F are diagrams showing examples so 
of electronic equipment; and 
Figs. 1 9A to 1 9D are diagrams showing examples 
of electronic equipment. 

55 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment mode 

[0029] The preferred embodiments of the present 
invention are explained using Figs. 1 to 8B. 
[0030] An ICP (inductively coupled plasma) etching 
device which uses a high density plasma is used in the 
present invention. Explained simply, the ICP etching 
device is a device which achieves a plasma density 
equal to or greater than 10 11 /cm 3 by inductively cou- 
pling RF power in a plasma at low pressure, and per- 
forms etching with a high selectivity and at a high 
etching rate. 

[0031] First, the plasma generation mechanism of 
the ICP dry etching device is explained in detail, using 
Fig. 4. 

[0032] " A simplified structure diagram of an etching 
chamber is shown in Fig. 4. An antenna coil 12 is 
arranged on a quartz substrate 1 1 in the upper portion 
of the chamber, and the coil 12 is connected to an RF 
power source 14 through a matching box 13. Further, an 
RF power source 17 is connected through a matching 
box 16 to a lower electrode 15 of a substrate arranged 
on the opposing side. 

[0033] If an RF current is applied to the antenna coil 
12 over the substrate, then an RF current J flows in the 
G direction and a magnetic field B develops in the Z 
direction. 

|1qJ = rot B 

[0034] An induced electric field E develops in the 9 
direction in accordance with Faraday's law of electro- 
magnetic induction. 

- 9B/3t = rot E 

[0035] Electrons are accelerated in the 6 direction 
in the induced electric field E and collide with gas mole- 
cules, generating a plasma. The direction of the induced - 
electric field is the e direction, and therefore the proba- 
bility of electric charge disappearing by charged parti- 
cles colliding with the etching chamber walls and the 
substrate is reduced. A high density plasma can there- 
fore be generated at even a low pressure on the order of 
1 Pa. Further, there is almost no magnetic field B down- 
stream, and consequently the plasma becomes a high 
density plasma spread out in a sheet shape. 
[0036] By regulating the RF power applied to both 
the antenna coil 1 2 (ICP power is applied) and the lower 
electrode 15 of the substrate (bias power is applied), it 
is possible to control the plasma density and the auto- 
bias voltage independently. Further, it is possible to vary 
the frequency of the applied RF power depending on 
the material of the piece to be processed. 
[0037] In order to obtain a high density plasma with 
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the ICP etching device, it is necessary for the RF current 
J to flow with little loss in the antenna coil 12, and in 
order to make a large surface area, the inductance of 
the antenna coil 12 must be reduced. An ICP etching 
device with a multi-spiral coil 22, in which the antenna is 5 
partitioned, has therefore been developed, as shown in 
Fig. 5. Reference numeral 21 denotes a quartz sub- 
strate, reference numerals 23 and 26 denote matching 
boxes, and 24 and 27 denote RF power sources in Fig. 
5. Further, a lower electrode 25 for holding a substrate 10 
28 is formed through an insulator 29 in the lower portion 
of the chamber. If an etching device using ICP in which 
the multi-spiral coil is applied is used, then it is possible 
to preform good etching of the above heat resistant con- 
ducting material. 75 
[0038] The applicants of the present invention per- 
formed several experiments using the multi-spiral ICP 
etching device (Matsushita Electric model E645) by var- 
ying the etching conditions. 

[0039] The etching test piece used in the expert- 20 
ments is explained first. A base film (200 nm thickness) 
is formed from a silicon oxynitride film on an insulating 
substrate (Corning #1737 glass substrate), and a metal- 
lic lamination film is formed thereon by sputtering. A 
tungsten target having a purity equal to or greater than 25 
6N is used. Further, a single gas such as argon (Ar), 
krypton (Kr), or xenon (Xe), or a mixture of such gasses, 
may be used. Note that film deposition conditions such 
as sputtering power, gas pressure, and substrate tem- 
perature may be suitably controlled by the operator. 30 
[0040] The metallic lamination film has a tungsten 
nitride film (film thickness: 30 nm) denoted by WN X 
(where 0 <x < 1) as a lower layer, and has a tungsten 
film (370 nm thickness) as an upper layer. 
[0041] The metallic lamination film thus obtained 35 
contains almost no impurity elements, and in particular, 
the amount of oxygen contained can be made equal to 
or less than 30 ppm. The electrical resistivity can be 
made equal to or less than 20 |i£2*cm, typically 
between 6 and 15 ^»cm. Further, the film stress can 40 
be made from -5x1 0 9 dyn/cm 2 to 5x1 0 9 dyn/cm 2 . 
[0042] Note that throughout this specification, a sili- 
con oxynitride film is an insulating film denoted by 
SiOxNy, and denotes an insulating film containing sili- 
con, oxygen, and nitrogen in predetermined ratios. 45 
[0043] Patterning experiments of the metallic lami- 
nation film were performed on the etching test piece 
using the multi-spiral coil ICP etching device. Note that 
when performing dry etching, it goes without saying that 
resist is used and patterned into a predetermined so 
shape, forming a resist mask pattern (film thickness: 
1.5|nm). 

[0044] A cross sectional diagram of a model of the 
etching test piece before etching processing is shown in 
Fig. 6A. Reference numeral 601 denotes a substrate, 55 
reference numeral 602 denotes a base film, 603a and 
603b denote a metallic lamination film (film thickness X 
= 400 nm), and 604a and 604b denote a resist mask 



pattern (film thickness Y = 1.5 |im) in Fig. 6A. Further, 
Fig. 6B is a diagram showing the state after etching 
processing. 

[0045] Note that, as shown in Fig. 6B, taper angle 
denotes an angle a between a tapered portion (inclined 
portion) of the cross sectional shape of the wiring 603 
and the base film 602 throughout this specification. Fur- 
ther, the taper angle can be defined as tan a = X/Z, 
using the width of the tapered portion Z and the film 
thickness X. 

[0046] The applicants of the present invention var- 
ied several conditions of the dry etching and observed 
the cross sectional shape of the wiring. 

[Experiment 1] 

[0047] Fig. 1 is a diagram showing the dependence 
of the taper angle a on the bias power. An experiment 
was performed with a 1 3.56 MHz bias power at 20 W, 30 
W, 40 W, 60 W, and 100 W; namely, with bias power 
densities (W/cm 2 ) of 0.128, 0.192, 0.256, 0.384, and 
0.64. Note that the lower electrode was 12.5 cm x 12.5 
cm. Further, the resist film thickness was 1.5 ujti, the 
gas pressure was 1 .0 Pa, and the gas composition was 
CF 4 / Cl 2 = 30/ 30 seem (note that seem denotes the 
volume flow rate (cm 3 /min) at standard conditions). In 
addition, the ICP power was 500 W; namely, the ICP 
power density was 1.02 W/cm 2 . Note that, throughout 
this specification, the value of ICP power divided by ICP 
area (25 cm diameter) is taken as the ICP power density 
(W/cm 2 ). 

[0048] From Fig. 1 , it can be understood that the 
higher the bias power density, the smaller the taper 
angle a becomes. Further, by simply regulating the bias 
power density, the desired taper angle a = 5° to 85° 
(preferably in the range of 20° to 70°) can be formed. 
[0049] Note that a SEM photograph of a cross sec- 
tion when the bias power was set to 20 W (bias power 
density: 0.128 W/cm 2 ) is shown in Fig. 7A; a SEM pho- 
tograph of a cross section when the bias power was set 
to 30 W (bias power density: 0.192 W/cm 2 ) is shown in 
Fig. 7B; a SEM photograph of a cross section' when 1 the 
bias power was set to 40 W (bias power density: 0.256 
W/cm 2 ) is shown in Fig. 7C; a SEM photograph of a 
cross section when the bias power was set to 60 W 
(bias power density: 0.384 W/cm 2 ) is shown in Fig. 8A; 
and a SEM photograph of a cross section when the bias 
power was set to 100 W (bias power density: 0.64 
W/cm 2 ) is shown in Fig. 8B. It can be observed from 
each SEM photograph shown in Figs. 7A to 8B that the 
taper angle a is formed within the range of 20° to 70°, 
and that the taper angle a can be controlled by chang- 
ing the bias power density. 

[0050] It is thought that this is because the selectiv- 
ity between tungsten and resist becomes small, and a 
retreating phenomenon of the resist develops. 
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[Experiment 2] 

[0051] Fig. 2 is a diagram showing the dependence 
of the taper angle a on the specific flow rate of CF 4 . 
Experiments were performed with gas composition 
ratios of CF 4 / CI 2 =20/40 seem, 30 / 30 seem, and 40 / 
20 seem. The gas pressure was 1 .0 Pa, the bias power 
density was 0.128 W/cm 2 , the resist film thickness was 
1 .5 urn, and the ICP power was 500 W (ICP power den- 
sity: 1.02 W/cm 2 ). 

[0052] From Fig. 2, it is understood that the larger 
the specific flow rate of CF 4 , the larger the selectivity 
between tungsten and resist, and the larger the taper 
angle a of the wiring becomes. Further, the roughness 
of the base film becomes less. Regarding the rough- 
ness of the base film, it is thought that the reason is due 
to weak anisotropy of the etching caused by an increase 
. in the flow rate of CF 4 (decrease in the flow rate of Cl 2 ). 
Furthermore, by simply regulating the specific flow rate 
of CF 4 , the desired taper angle a = 5° to 85° (preferably 
in the range of 60° to 80°) can be formed. 

[Experiment 3] 

[0053] An experiment was performed by setting the 
13.56 MHz, ICP power to 400 W, 500 W, and 600 W; 
namely, by setting the ICP power density to 0.82, 1.02, 
and 1 .22. The bias power was 20 W (bias power den- 
sity: 0.1 28 W/cm 2 ), the resist film thickness was 1 .5 urn, 
the gas pressure was 1 .0 Pa, and the gas composition 
was CF 4 / Cl 2 = 30/ 30 seem. 

[0054] The etching rate of tungsten becomes larger 
as the ICP power density gets larger, but the etching 
rate distribution becomes worse. Further, there are no 
particular changes seen in the taper angle. 

[Experiment 4] 

[0055] An experiment was performed with gas pres- 
sures of 1.0 Pa and 2.0 Pa. The ICP power was 500 W 
(ICP power density: 1.02 W/cm 2 ), the gas composition 
was CF 4 / Cl 2 = 30 / 30 seem, the bias power was 20 W 
(bias power density: 0.128 W/cm 2 ), and the resist film 
thickness was 1 .5 nm. 

[0056] The tungsten etching rate becomes faster 
along with higher vacuum, and the anisotropy also 
becomes stronger. Further, the taper becomes a 
reverse taper shape at 2.0 Pa. 

[Experiment 5] 

[0057] An experiment was performed with the total 
flow rate of the etching gas set to 60 seem and 120 
seem. The gas pressure was 1 .0 Pa, the ICP power was 
500 W (ICP power density: 1.02 W/cm 2 ), the gas com- 
position was CF 4 / Cl 2 = 30/30 seem, the bias power 
was 20 W (bias power density: 0.128 W/cm 2 ), and the 
resist film thickness was 1 .5 ujti. 



[0058] The etching rate become a little larger for the 
case of the larger total flow rate of the etching gas. 
[0059] From the results of the above experiments, it 
is thought that there is a dependence of the taper angle 
5 on the selectivity between tungsten and resist because 
the taper angle is mainly influenced by the bias power 
density conditions. The dependence of the taper angle 
on the selectivity between tungsten and resist is shown 
in Fig. 3. 

io [0060] Changes in bias power density have a larger 
influence on the selectivity between tungsten and resist 
than on the etching rate of tungsten, and if the bias 
power density is made large, then there is a tendency 
for the selectivity between tungsten and resist to fall. 

75 The dependence of etching rates of tungsten and resist 
on bias power density is shown in Fig. 9A, while the 
dependence of the selectivity between tungsten and 
resist on bias power density is shown in Fig. 9B. 
[0061] Namely, as shown in Fig. 6A and in Fig. 6B, 

20 resist is etched at the same time as tungsten is etched, 
and therefore if the selectivity between tungsten and 
resist is large, the taper angle becomes large, and if the 
selectivity between tungsten and resist is small, the 
taper angle becomes small. 

25 [0062] Further, if the specific flow rate of CF 4 gas is 
made smaller in the same way, then there is a tendency 
for the selectivity between tungsten and resist to fall. 
Fig. 10A shows the dependance of etching rates of 
tungsten and resist on specific CF 4 gas flow rate, and 

30 Fig. 10B shows the dependence of the selectivity 
between tungsten and resist on specific CF 4 gas flow 
rate. 

[0063] Further, the dependence of etching rates of 
tungsten and resist on ICP power density is shown in 
35 Fig. 1 1 A, and the dependence of the selectivity between 
tungsten and resist on ICP power density is shown in 
Fig. 11B. 

[0064] A test piece in which a base film (200 nm 
thickness) made from a silicon oxynitride film formed on 

40 an insulating substrate, and a metallic lamination film (a 
lamination film of a tungsten nitride film and a tungsten 
film) formed on the base film is used as a test piece' for 
etching in each of the above experiments, but with the 
present invention, it is also possible to apply a thin film, 

45 or a lamination structure of a lamination of thin films, 
selected from the group consisting of a tungsten film, a 
metallic compound film having a tungsten compound as 
its main constituent, and a metallic alloy film having a 
tungsten alloy as its main constituent. Note, however, 

50 that films in which the selectivity with the base film is 
equal to or less than 2.5, and cases in which the etching 
rate is extremely small can not be applied. For example, 
a W-Mo alloy film (having a ratio of W:Mo = 52:48 by 
weight) possesses a selectivity with the base film 

55 (SiO x N y ) which is equal to or less than approximately 
1.5, and the etching rate is small at approximately 50 
nm/min, and therefore it is not suitable from a workabil- 
ity standpoint. 
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[0065] A W film is shown as one example here, but 
for generally known heat resistant conducting materials 
(such as Ta, Ti, Mo, Cr, Nb, and Si), when an ICP etch- 
ing device is used, the edge of a pattern can easily be 
made into a tapered shape. For example, if a Ta film 5 
with an etching speed of 140 to 160 nm/min and a 
selectivity of 6 to 8 is chosen, it has superior values in 
comparison with the W film having an etching speed of 
70 to 90 nm/min and a selectivity of 2 to 4. Therefore, 
from the standpoint of workability, the Ta film is also suit- 70 
able, but the Ta film has a resistivity of 20 to 30 jif^cm, 
which is little high in comparison with the resistivity of 
the W film, from 10 to 16 u^cm, and this becomes a 
problem. 

[0066] Further, a gas mixture ,of CF 4 gas and C! 2 15 
gas is used as the etching gas for the above dry etching, 
but there are no particular limitations on this, and it is 
also possible to use a mixed gas of a reactive gas con- 
taining fluorine selected from the group consisting of 
C 2 F 6 and C 4 F 8 , and a gas containing chlorine selected 20 
from the group consisting of Cl 2 , SiCI 4> and BCI 3 . 
[0067] In addition, there are no particular limitations 
on the etching conditions of the present invention, and 
for a case of using, for example, an ICP etching device 
(Matsushita Electric mode: E645) and using carbon 25 
tetrafluoride gas (CF 4 ) and chlorine (Cl 2 ), the etching 
conditions may be suitably determined by the operator 
within the following ranges: 

etching gas total flow rate: 30 

60 to 120 seem 

specific etching gas flow rate: 

CF 4 / Cl 2 = 30/30 seem to 50 / 1 0 seem 

gas pressure: 

1.0 Pa to 2.0 Pa 35 
(pressure of etching gas atmosphere) 
ICP power density: 

0.61 W/cm 2 to 2.04 W/cm 2 (ICP power: 300 W to 1000 
W), frequency of 13 MHz to 60 MHz 

bias power density: 40 
0.064 W/cm 2 to 3.2 W/cm 2 (bias power: 10 W to 500 
W), frequency of 100 kHz to 60 MHz, preferably 6 MHz 
to 29 MHz 

substrate temperature: 

0°C to 80°C, preferably 70°C ± 1 0 °C. 45 

[0068] Note that, throughout this specification, the 
term "electrode" refers to a portion of the term "wiring", 
and denotes a location for performing electrical connec- 
tion to another wiring, or a location for intersection with 50 
a semiconductor layer. Therefore, for convenience, 
while the use of "wiring" and "electrode" is properly 
divided, "wiring" is normally included for sentences 
using "electrode". 

[0069] A detailed explanation of the present inven- 55 
tion, having the above structure, is made using the 
embodiments shown below. 



[Embodiment 1] 

[0070] Embodiment 1 of the present invention is 
explained using Figs. 12 and 13. An active matrix sub- 
strate having a pixel TFT and a storage capacitor of a 
pixel portion, and a driver circuit TFT formed in the 
periphery of the pixel portion manufactured at the same 
time, is explained here. 

[0071] The structure of embodiment 1 has TFTs 
formed on a substrate 101 having an insulating surface, 
as shown in Fig. 12. It is preferable to use a glass sub- 
strate or a quartz substrate for the substrate 101. It is 
also possible to use a plastic substrate, provided that 
the heat resistance is acceptable. In addition, if a 
reflecting type display device is being manufactured, 
then a silicon substrate, a metallic substrate, or a stain- 
less steel substrate, having an insulating film formed on 
each surface, may also be used as the substrate. 
[0072] The surface of the substrate 101 on which 
the TFTs are formed has a base film 1 02 made from an 
insulating film containing silicon (a generic name indi- 
cating a silicon oxide film, a silicon nitride film, or a sili- 
con oxynitride film throughout this specification). For 
example, a lamination film of a silicon oxynitride film 
102a with a thickness of 10 to 200 nm (preferably 
between 50 and 100 nm) and manufactured by plasma 
CVD from SiH 4 , NH 3 , and N 2 0, and a hydrogenated sil- 
icon oxynitride film 102b with a thickness of 50 to 200 
nm (preferable between 100 and 150 nm) and manufac- 
tured similarly from SiH 4 , N 2 0, and H 2 , is formed. A 
two-layer structure is shown for the base film 102 here, 
but a single layer insulating film or a lamination film hav- 
ing more than two layers may also be formed. 
[0073] Further, active layers of the TFTs are formed 
on the base film 102. A crystalline semiconductor film, 
obtained from crystallizing a semiconductor film having 
an amorphous structure, on which patterning is then 
performed is used as the active layers. A known tech- 
nique, for example, laser annealing or thermal anneal- 
ing (solid phase growth methods), rapid thermal 
annealing (RTA method), or a crystallization method 
using a catalytic element, in accordance with the tech- 
nique disclosed in Japanese Patent Application Laid- 
open No. Hei 7-130652, may be used as the crystalliza- 
tion method. Note that amorphous semiconductor films 
and microcrystalline semiconductor films exist as semi- 
conductor films having an amorphous structure, and 
that a compound semiconductor film having an amor- 
phous structure, such as an amorphous silicon germa- 
nium film, may also be applied. 

[0074] A gate insulating film 1 30 covering the above 
TFT active layers is formed by using plasma CVD or 
sputtering from an insulating film containing silicon with 
a thickness of 40 to 150 nm. A 120 nm thick silicon 
oxynitride film is formed in embodiment 1 . Further, a sil- 
icon oxynitride film manufactured by doping 0 2 into 
SiH 4 and N 2 0 has a reduced fixed electric charge den- 
sity within the film, and therefore it is a desirable mate- 
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rial for use. The gate insulating film is not limited to this 
type of silicon oxynitride film, of course, and other insu- 
lating films containing silicon may be used in either a 
single layer or a lamination structure. 
[0075] A heat resistant conducting material is used 
for gate electrodes 1 1 8 to 1 22 and a capacitor electrode 
123 formed on the gate insulating film, which have a 
lamination structure of a conducting layer (A) made 
from a conducting metallic nitride film and a conducting 
layer (B) made from a metallic film. The conducting layer 
(B) may be formed from an element selected from the 
group consisting of Ta, Ti, and W, or from an alloy hav- 
ing one of the above elements as its main constituent, 
or from an alloy film of a combination of the above ele- 
ments. In embodiment 1 , a conducting lamination film of 
a 50 nm thick WN film formed as the conducting layer 
(A) and a 250 nm thick W film formed as the conducting 
layer (B) by sputtering which uses a W target having a 
purity of 6 N and in which Ar gas and nitrogen (N 2 ) gas 
is introduced, is patterned, completing the gate elec- 
trodes 1 1 8 to 1 22 and the capacitor electrode 1 23. Note 
that etching is performed so that a tapered portion is 
formed in the edges of the gate electrodes 1 18 to 123. 
The etching process is performed using an I CP etching 
device. Details of this technique are as shown in the 
embodiment mode of the present invention. In embodi- 
ment 1 , etching is performed using a gas mixture of CF 4 
and Cl 2 for the etching gas, with the flow rates each to 
30 seem, the ICP power density set to 3.2 W/cm 2 (fre- 
quency: 13.56 MHz), the bias power density set to 
0.224 W/cm 2 (frequency: 13.56 MHz), and a gas pres- 
sure of 1 .0 Pa. By using these etching conditions, a 
tapered portion is formed in the edge portions of the 
gate electrodes 1 18 to 122 and the capacitor electrode 
1 23, in which the thickness increases gradually from the 
edge portion toward the inside. The angle can be made 
from 25 to 35°, preferably 30°. 

[0076] Note that, in order to perform etching so as 
not to leave any residue when forming the gate elec- 
trodes 1 1 8 to 1 22 and the capacitor electrode 1 23 which 
have the tapered shape, overlap etching is performed, 
in which the etching time is increased on the order of 1 0 
to 20%, and therefore the gate insulating film 130 has a 
portion which becomes thin in practice. 
[0077] Further, in embodiment 1, in order to form 
LDD regions, an impurity element for imparting n-type 
or p-type conductivity is added into the active layers in a 
self-aligning manner by ion doping with the gate elec- 
trodes 118 to 122 having the tapered portions in their 
edges, as masks. Furthermore, in order to form suita- 
ble, desired LDD regions, an impurity element for 
imparting n-type or p-type conductivity is added to the 
active layers by ion doping with a resist pattern as a 
mask. 

[0078] A structure having a channel forming region 
206, an LDD region 207 overlapping with the gate elec- 
trode, a source region 208 composed of a high concen- 
tration p-type impurity region, and a drain region 209 in 



the active layer is thus formed in a first p-channel TFT 
(A) 200a of the driver circuit. A first n-channel TFT (A) 
201a has a channel forming region 210, an LDD region 
211 made from a low concentration n-type impurity 

5 region overlapping the gate electrode 119, a source 
region 212 formed by a high concentration n-type impu- 
rity region, and a drain region 213 in the active layer. 
The LDD region overlapping the gate electrode 119, 
taken as L ov , has a length of 0.1 to 1.5 ujti, preferably 

io between 0.3 and 0.8 u.m, in the longitudinal direction of 
the channel for a channel length of 3 to 7 jam. The length 
of L ov controls the thickness of the gate electrode 1 1 9 
and the angle of the tapered portion. 
[0079] Further, the active layer in a second p-chan- 

15 nel TFT (A) 202a of the driver circuit similarly has a 
channel forming region 214, an LDD region 215 over- 
lapping the gate electrode 120, a source region 216 
formed by a high concentration p-type impurity region, 
and a drain region 217 in the active layer. In a second n- 

20 channel TFT (A) 203a, the active layer has a channel 
forming region 21 8, an LDD region 219 overlapping the 
gate electrode 121, a source region 220 formed by a 
high concentration n-type impurity region, and a drain 
region 221. The LDD region 219 has the same structure 

25 as the LDD region 21 1 . A pixel TFT 204 has channel 
forming regions 222a and 222b, LDD regions 223a and 
223b formed by low concentration n-type impurity 
regions, and source or drain regions 225 to 227 formed 
by high concentration n-type impurity regions in the 

30 active layer. The LDD regions 223a and 223b have the 
same structure as the LDD region 211. In addition, a 
storage capacitor 205 is formed from the capacitor wir- 
ing 123, the gate insulating film, and semiconductor lay- 
ers 228 and 229 connected to the drain region 227 of 

35 the pixel TFT 204. In Fig. 1 2, the n-channel TFT and the 
p-channel TFT of the driver circuit have a single gate 
structure in which one gate electrode is provided 
between the source and drain pair, and the pixel TFT 
has a double gate structure, but all of the TFTs may be 

40 given a single gate structure, and a multi-gate structure 
in which a plurality of gate electrodes are provided 
between one source and drain pair will not cause any 
hindrance. 

[0080] Further, there is a protecting insulating film 
45 142 covering the gate electrode and the insulating film 
130. The protecting insulating film may be formed by a 
silicon oxide film, a silicon oxynitride film, a silicon 
nitride film, or by a lamination film of a combination of 
these films. 

so [0081] In addition, there is an interlayer insulating 
film 143 made from an organic insulating material cov- 
ering the protecting insulating film 142. Materials such 
as polyimide, acrylic, polyamide, polyimide amide, and 
BCB (benzocyclobutene) can be used as an organic 

55 resin material. 

[0082] Moreover, there are source wirings and drain 
wirings on the interlayer insulating film 143 for connect- 
ing to the source regions and drain regions formed on 
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the respective active layers, through contact holes. Note 
that the source wirings and the drain wirings have a 
lamination structure of a lamination film of Ti and alumi- 
num, denoted by reference numerals 144a to 154a, and 
a transparent conducting film, denoted by reference 5 
numerals 144b to 154b. Further, the drain wirings 153a 
and 153b also function as pixel electrodes. An indium 
oxide and zinc oxide alloy (ln 2 0 3 - ZnO) and zinc oxide 
(ZnO) are suitable materials for the transparent con- 
ducting film, and in order to additionally increase the w 
transmissivtty and the conductivity, materials such as 
zinc oxide in which gallium (Ga) has been added 
(ZnO:Ga) can be ideally used. 

[0083] With the above construction, the structure of 
TFTs constituting each circuit is optimized in accord- 15 
ance with the specifications required by the pixel TFT 
and the driver circuit, and it is possible to increase the 
operating performance and the reliability of a semicon- 
ductor device. In addition, by forming the gate elec- 
trodes with a conducting material having heat 20 
resistance, the activation of the LDD regions and the 
source regions or drain regions becomes easy. 
[0084] Additionally, during formation of the LDD 
region overlapping the gate electrode through the gate 
insulating film, by forming the LDD region which pos- 25 
sesses a concentration gradient of an impurity element 
added with the aim of controlling the conductivity type, it 
can be expected that the electric field relaxation effect 
will be increased, particularly in the vicinity of the drain 
region. 30 
[0085] The active matrix substrate shown in Fig. 12 
can be applied as is to a transmitting type liquid crystal 
display device. 

[0086] An active matrix type liquid crystal display 
device, in which the active matrix substrate shown in 35 
Fig. 12 is applied, is explained next using Fig. 13. 
[0087] First, a resin film on the active matrix sub- 
strate is patterned, forming rod shape spacers 405a to 
405e and 406. The placement of the spacers may be 
arbitrarily determined. Note that a method of forming 40 
the spacers by dispersing grains of several urn may also 
be used. 

[0088] An alignment film 407 is formed next in the 
pixel portion of the active matrix substrate from a mate- 
rial such as a polyimide resin in order to orient the liquid 45 
crystals. After forming the alignment film, a rubbing 
process is performed, orienting the liquid crystal mole- 
cules so as to possess a certain fixed pre-tilt angle. 
[0089] A light shielding film 402, a transparent con- 
ducting film 403, and an alignment film 404 are formed 50 
in an opposing substrate 401 on the opposite side. The 
light shielding film 402 is formed with a thickness of 1 50 
to 300 nm by a film such as a Ti film, a Cr film, or an Al 
film. The active matrix substrate, on which the pixel por- 
tion and the driver circuit are formed, and the opposing 55 
substrate are then joined together by a sealing member 
408. 

[0090] Afterward, a liquid crystal material 409 is 



injected between both substrates. A known liquid crystal 
material may be used for the liquid crystal material. For 
example, in addition to a TN liquid crystal, a threshold- 
less antiferroelectric mixed liquid crystal, indicating an 
electro-optical response in which the transmissivity 
changes continuously with respect to an electric field, 
can also be used. V-shape electro-optical response 
characteristics are displayed in some thresholdless anti- 
ferroelectric mixed liquid crystal. The reflecting type 
active matrix type liquid crystal display device shown in 
Fig. 13 is thus completed. 

[Embodiment 2] 

[0091] Using Fig. 14, embodiment 2 shows an 
example of manufacturing a display device using a bot- 
tom gate TFT which differs from embodiment 1 (a top 
gate TFT) above. 

[0092] First, a metallic lamination film is formed by 
sputtering on an insulating substrate 1801. The metallic 
lamination film has a tungsten nitride film for a bottom 
layer and a tungsten film for a top layer. Note that a base 
film contacting the substrate may also be formed, from 
a film such as a silicon oxy nitride film denoted by 
SiO x Ny. Next, a resist mask for obtaining a desired gate 
wiring pattern is formed by photolithography. 
[0093] It is necessary for constituents such as a 
gate insulating film and a channel forming region to be 
formed on the gate wiring in the bottom gate TFT. In 
order to increase the characteristics of the bottom gate 
structure TFT, the coverage of the films formed on the 
gate wiring, and the voltage resistance of the gate insu- 
lating film, it is preferable that the taper angle of gate 
wirings 1802 to 1805 be equal to or less than 60°, more 
preferably equal to or less than 40°. 
[0094] Next, as shown above in the embodiment 
mode of the present invention, the taper angle of the 
gate wirings 1802 to 1805 is made equal to or less than 
60°, more preferably equal to or less than 40°, using an 
ICP etching device and selecting suitably the bias 
power and the specific gas flow rate. Known techniques 
may be used for subsequent processing, and there are 
no particular limitations imposed. 

[0095] In Fig. 14, reference numeral 1814 denotes 
a CMOS circuit, reference numeral 1815 denotes an n- 
channel TFT, 1816 denotes a pixel TFT, 1817 denotes 
an interlayer insulating film, 1 81 8a denotes a pixel elec- 
trode, and 1818b denotes an ITO film. The ITO film 
1 81 8b is formed in order to be connected to an external 
terminal such as an FPC 1823 through adhesive 1822. 
Further, reference numeral 1819 denotes a liquid crys- 
tal material, and 1820 denotes an opposing electrode. 
In addition, reference numeral 1801 denotes the first 
substrate, 1808 denotes a sealing region, 1807, and 
1809 to 1812 denote rod shape spacers, and 1821 
denotes a second substrate. 

[0096] Note that it is possible to freely combine 
embodiment 2 with embodiment 1. 
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[Embodiment 3] 

[0097] Examples of various wiring structures 
formed on an insulating surface by utilizing the present 
invention are shown in Figs. 15A to 15F. A cross sec- 
tional diagram of a single layer structure wiring made 
from a material 1501 having tungsten as its main con- 
stituent and formed on a film (or a substrate) 1500 hav- 
ing an insulating surface is shown in Fig. 15A. This 
wiring is formed by patterning a film formed by sputter- 
ing which uses a target with a purity of 6N (99.9999%) 
and a single gas, argon (Ar), as the sputtering gas. Note 
that the stress is controlled by setting the substrate tem- 
perature equal to or less than 300°C. and by setting the 
sputtering gas pressure equal to or greater than 1 .0 Pa, 
and that other conditions (such as the sputtering power) 
may be suitably determined by the operator. 
[0098] When performing the above patterning, a 
taper angle a is controlled by the method shown in the 
embodiment mode of the present invention, in accord- 
ance with the bias power density, for example. 
[0099] The cross sectional shape of the wiring 1501 
thus obtained has the desired taper angle a. Further, 
there are almost no impurity elements contained in the 
wiring 1501, and in particular, the amount of oxygen 
contained can be made equal to or less than 30 ppm, 
and the electrical resistivity can be made equal to or 
less than 20 • cm, typically between 6 u,n • cm and 
15 ^ft'cm. Further, the film stress can be controlled 
within the range of -5x1 0 10 to 5x1 0 10 dyn/cm 2 . 
[0100] Fig. 15B shows a two-layer structure, similar 
to the gate electrode of embodiment 1 . Note that tung- 
sten nitride (WN X ) is taken as the lower layer, and that 
tungsten is taken as the upper layer. Also note that the 
thickness of a tungsten nitride film 1502 may be set 
from 1 0 to 50 nm (preferably between 10 and 30 nm), 
and that the thickness of a tungsten film 1503 may be 
set from 200 to 400 nm (preferably between 250 and 
350 nm). The two films are laminated in succession, 
without exposure to the atmosphere, using sputtering in 
embodiment 3. 

[0101] Fig. 15C is an example of covering a wiring 
1504, made from a material having tungsten as its main 
constituent and formed on the film (or substrate) 1500 
which possesses an insulating surface, by an insulating 
film 1505. The insulating film 1505 may be formed by a 
silicon nitride film, a silicon oxide film and a silicon 
oxynitride film SiO x N y (where 0 <x, and y < 1), or by a 
lamination film of a combination of these films. 
[0102] Fig. 15D is an example of covering the sur- 
face of a wiring 1506 made from a material having tung- 
sten as its main constituent, and formed on the film (or 
substrate) 1500 having an insulating surface, by a tung- 
sten nitride film 1507. Note that if a nitrating process, 
such as plasma nitrating, is performed on the wiring in 
the state of Fig. 15A, then the structure of Fig. 15D can 
be obtained. 

[0103] Fig. 15E is an example of surrounding a wir- 



ing 1509 made from a material having tungsten as its 
main constituent, and formed on the film (or substrate) 
1500 having an insulating surface, by tungsten nitride 
films 1510 and 1508. Note that if a nitrating process, 
5 such as plasma nitrating, is performed on the wiring in 
the state of Fig. 15B, then the structure of Fig. 15E can 
be obtained. 

[0104] Fig. 15F is an example of covering by an 
insulating film 151 1, after forming the state of Fig. 15E. 

w The insulating film 1511 may be formed by a silicon 
nitride film, a silicon oxide film, a silicon oxynitride film, 
or a lamination film of a combination of these films. 
[0105] The present invention can thus be applied to 
various wiring structures. It is possible to freely combine 

15 the constitution of embodiment 3 with the constitutions 
shown in embodiment 1 and in embodiment 2. 

[Embodiment 4] 

20 [0106] A case of applying the present invention to a 
reflection type liquid crystal display device manufac- 
tured over a silicon substrate is explained in Embodi- 
ment 4. As a substitute for the active layer comprising a 
crystalline silicon film in Embodiment 1, an impurity ele- 

25 ment for imparting n-type or p-type conductivity is 
added directly into a silicon substrate (silicon wafer), 
and the TFT structure may be realized. Further, the 
structure is reflection type, and therefore a metallic film 
having a high reflectivity (for example, aluminum, silver, 

30 or an alloy of these (an Al-Ag alloy)) and the like may be 
used as a pixel electrode. 

[0107] Note that it is possible to freely combine the 
constitution of Embodiment 4 with the constitution of 
any of embodiments 1 to 3. 

35 

[Embodiment 5] 

[0108] It is possible to use the present invention 
when forming an interlayer insulating film over a con- 

40 ventional MOSFET, and then forming a TFT on that. In 
other words, it is possible to realize a semiconductor 
device with a three dimensional structure. Further, it is 
possible to use an SOI substrate such as SIM OX, 
Smart-Cut (a trademark of SOITEC corporation), or 

45 ELTRAN (a trademark of Cannon, Inc.) 

[0109] Note that it is possible to freely combine the 
structure of embodiment 5 with the structure of any of 
embodiments 1 to 4. 

so [Embodiment 6] 

[01 1 0] It is possible to apply the present invention to 
an active matrix EL display. An example of this is shown 
in Fig. 16. 

55 [0111] Fig. 16 is a circuit diagram of an active 
matrix EL display. Reference numeral 81 denotes a 
pixel portion, and an x-direction driver circuit 82 and a y- 
direction driver circuit 83 are formed in its peripheral. 
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Further, each pixel in the pixel portion 81 comprises a 
switching TFT 84, a capacitor 85, a current controlling 
TFT 86, and an organic EL element 87, and the switch- 
ing TFT 84 is connected to x-direction signal lines 88a 
(or 88b) and to y-direction signal lines 89a (or 89b, 89c). 
Furthermore, power supply lines 90a and 90b are con- 
nected to the current controlling TFT 86. 
[0112] In an active matrix EL display of the present 
embodiment. TFTs used in an x-direction driver circuit 
82, a y-direction driver circuit 83 and current controlling 
TFT 86 are formed by combining p-channel TFT 200a 
or 202a of Fig. 12 and n-channel TFT 201a or 203a of 
Fig. 12. The TFTs for switching TFT 84 are formed by n- 
channel TFT 204 of Fig. 12. 

[0113] It is possible to freely combine the active 
matrix EL display of the present invention with any con- 
stitution of Embodiments 1 to 5. 

[Embodiment 7] 

[01 1 4] The structure of the active matrix liquid crys- 
tal display device shown in Fig. 13 of the Embodiment 1 
is described with reference to the perspective view of 
Fig. 17. The active matrix substrate (the first substrate) 
comprises a pixel portion 802, a gate side driver circuit 

803 and a source side driver circuit 804 formed over a 
glass substrate 801 . The pixel TFT 805 of the pixel por- 
tion (corresponding to pixel TFT 204 of Fig. 13) is an n- 
channel TFT, and is connected to a pixel electrode 806 
and a storage capacitor 807 (corresponding to storage 
capacitor 205 of Fig. 13). 

[0115] The driver circuits disposed in the periphery 
are comprised of a CMOS circuit as its base. The gate 
side driver circuit 803 and the source side driver circuit 

804 are connected to the pixel portion 802 through the 
gate wiring 808 and the source wiring 809 respectively. 
Further, input-output wiring (connecting wiring) 812 and 
813 are disposed in the external input-output terminal 
81 1 connected to the FPC 810 for transmitting signals 
to the driver circuits. Reference numeral 814 is an 
opposing substrate (the second substrate). 

[0116] Note that though the semiconductor device 
shown in Fig. 17 is referred to as active matrix liquid 
crystal display device in this Specification, the liquid 
crystal panel furnished with an FPC as shown in Fig. 17 
is referred to as a liquid crystal module in general. 
Accordingly it is acceptable to refer an active matrix liq- 
uid crystal display device of this Embodiment as a liquid 
crystal module. 

[Embodiment 8] 

[0117] TFTs manufactured by implementing the 
present invention can be used for various electro-optical 
devices. Namely the present invention can be applied to 
all those electronic appliances that incorporate such an 
electro-optical device as the display section. 
[0118] Examples of the electronic appliances 



include a video camera, a digital camera, a head 
mounted display (a goggle type display), a wearable 
display, a car navigation system, a personal computer 
and a portable information terminal (a mobile computer, 
5 a cellular telephone, an electronic book). Fig. 18A to 
1 8F show examples of these. 

[0119] Fig. 18A shows a personal computer, which 
comprises: a main body 2001; an image input section 
2002; a display section 2003; and a keyboard 2004. The 
10 present invention can be applied to the image input sec- 
tion 2002, the display section 2003 or other signal driver 
circuits. 

[0120] Fig. 18B shows a video camera, which com- 
prises: a main body 2101; a display section 2102; a 
15 sound input section 2103; an operation switch 2104; a 
battery 2105; and an image receiving section 2106. The 
present invention can be applied to the display section 
2102, the sound input section 2103 or other signal con- 
trol circuits. 

20 [0121] Fig. 18C shows a mobile computer, which 
comprises: a main body 2201; a camera section 2202; 
an image receiving section 2203; an operation switch 
2204; and a display section 2205. The present invention 
can be applied to the display section 2205 or other sig- 

25 n al d rive r ci rcu its . 

[0122] Fig. 18D shows a goggle type display, which 
comprises: a main body 2301; a display section 2302; 
and an arm section 2303. The present invention can be 
applied to the display section 2302 or other signal driver 

30 circuits. 

[0123] Fig. 18E shows a player that uses a record- 
ing medium storing a program (hereinafter called the 
"recording medium"). It comprises a main body 2401 , a 
display section 2402, a speaker unit 2403, a recording 
35 medium 2404 and an operation switch 2405. Note that 
by using DVD (digital versatile disc), CD, etc., as a 
recording medium of this device, music appreciation, 
film appreciation, games or the use for Internet can be 
performed. The present invention can be applied to the 
40 display device 2402 and other signal driver circuits. 

[0124] Fig. 1 8F shows a digital camera, which com- 
prises: a main body 2501; a* display section* -2502; a 
view finder section 2503; an operation switch 2504; and 
an image reception unit (not shown). The present inven- 
ts tion can be applied to the display unit 2502 or other sig- 
nal driver circuits. 

[01 25] As described above, the applicable range of 
the present invention is very large, and it can be applied 
to electronic appliances of various fields. Further, the 
so electronic appliances of the present Embodiment can 
be realized by using constitution of any combination of 
Embodiments 1 to 7. 

[Embodiment 9] 

55 

[0126] TFTs manufactured by implementing the 
present invention can be used for various electro-optical 
devices. Namely the present invention can be applied to 
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alt those electronic appliances that incorporate such an 
electro-optical device as the display section. 
[0127] Projectors (rear type or front type) or the like 
can be given as such electronic appliances. The exam- 
ples are shown in Figs. 19A to 1 9D. 
[0128] Fig. 19A shows a front type projector, which 
comprises: a projection system 2601; and a screen 
2602. The present invention can be applied to a liquid 
crystal display device 2808 which forms a part of the 
projection system 2601 , or other signal driver circuits. 
[0129] Fig. 19B shows a rear type projector, which 
comprises: a main body 2701; a projection system 
2702; a mirror 2703; and a screen 2704. The present 
invention can be applied to the liquid crystal display 
device 2808 that constitutes a part of the projection sys- 
tem 2702, or other signal driver circuit. 
[0130] Note that Fig. 19C shows an example of the 
construction of the display devices 2601 and 2702 in 
Figs. 19A and 19B. The projection systems 2601 and 
2702 comprise: a light source optical system 2801 ; mir- 
rors 2802, 2804 to 2806; a dichroic mirror 2803; a prism 
2807; a liquid crystal display device 2808; a phase dif- 
ference plate 2809; and a projection optical system 
2810. The projection optical system 281 0 comprises an 
optical system including a projection lens. Though the 
present Embodiment shows an example of the three- 
plate system, there is no limitation to such a system, but 
may be applied to a single-plate optical system. The 
operator may appropriately dispose an optical lens, a 
film having a polarization function, a film for adjusting 
the phase, an I R film, etc, in the optical path indicated by 
an arrow in Fig. 19C. 

[0131] Fig. 1 9D shows an example of the structure 
of light source optical system 2801 in Fig. 19C. In this 
embodiment, the light source optical system 2801 com- 
prises: a reflector 281 1; a light source 2812; lens arrays 
2813 and 2814; a polarization conversion element 
2815; and a condenser lens 2816. Incidentally, the light 
source optical system shown in Fig. 1 9D is an example 
but is in no way restrictive. For example, the operator 
may appropriately dispose an optical lens, a film having 
a polarization function, a film for adjusting the phase, an 
IRfilm, etc, in the light source optical system. 
[0132] As described above, the applicable range of 
the present invention is very large, and it can be applied 
to electronic appliances of various fields. Further, the 
electronic appliances of the present Embodiment can 
be realized by using constitution of any combination of 
Embodiments 1 to 3 and 7. Provided, however the pro- 
jectors of the present Embodiment is a transmission 
type liquid crystal display device and it is needless to 
say that they cannot be applied to a reflection type liquid 
crystal display devices. 

[0133] By suitably setting the conditions of bias 
power and specific gas flow rate, which are capable of 
controlling a taper angle a of a wiring, the selectivity 
with respect to a base film can be increased and at the 
same time, the desired taper angle a can be obtained in 



accordance with the present invention. As a result, the 
coverage of films formed on the wiring becomes better, 
and therefore, defects such as wiring chipping, wiring 
breakage, and short circuits can be reduced. 
5 [0134] Further, etching can be performed with good 
distribution within the section, and a uniform wiring 
shape can be obtained. 

[0135] Furthermore, the present invention can be 
applied to the opening processes of a contact hole etc. 

10 

Claims 

1 . A wiring comprising a tungsten film, a metallic com- 
pound film having a tungsten compound as its main 

75 constituent, or a metallic alloy film having a tung- 
sten alloy as its main constituent, wherein a taper 
angle a of said wiring is in a range from 5° to 85°. 

2. A wiring comprising a lamination structure of lami- 
20 nated thin films selected from the group consisting 

of: a tungsten film; a metallic compound film having 
a tungsten compound as its main constituent; and a 
metallic alloy film having a tungsten alloy as its 
main constituent, wherein a taper angle a of said 
25 wiring is in a range from 5° to 85°. 

3. The wiring according to claim 1 or 2, wherein said 
metallic alloy film is an alloy film of one element, or 
a plurality of elements, selected from the group 

30 consisting of Ta; Ti; Mo; Cr; Nb; and Si, and tung- 
sten. 

4. The wiring according to claim 1 or 2, wherein said 
metallic compound film is a nitride film of tungsten. 

35 

5. The wiring according to claim 2, wherein a lowest 
layer of said wiring is a silicon film having a conduc- 
tivity. 

40 6. A semiconductor device comprising a wiring made 
from a tungsten film, a metallic compound film hav- 
ing a tungsten compound as its main constituent, or 
a metallic alloy film having a tungsten alloy as its 
main constituent, wherein a taper angle a of said 

45 wiring is in a range from 5° to 85°. 

7. A semiconductor device comprising a wiring made 
from a lamination structure of laminated thin films 
selected from the group consisting of: a tungsten 

so film; a metallic compound film having a tungsten 
compound as its main constituent; and a metallic 
alloy film having a tungsten alloy as its main constit- 
uent, wherein a taper angle a of said wiring is in a 
range from 5° to 85°. 

55 

8. The semiconductor device according to claim 6 or 
7, wherein said wiring is a gate wiring of a thin film 
transistor. 
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9. The semiconductor device according to claim 6 or 
7, wherein said semiconductor device is an active 
matrix type liquid crystal display device. 

10. The semiconductor device according to claim 6 or 5 
7, wherein said semiconductor device is an EL dis- 
play device. 

11. The semiconductor device according to claim 6 or 

7, wherein said semiconductor device is one 10 
selected from the group consisting of a video cam- 
era, a digital camera, a projector, a goggle type dis- 
play, a car navigation system, a personal computer, 
or a portable information terminal. 

75 

12. A semiconductor device comprising: 

a semiconductor layer over a substrate, said 
semiconductor layer comprising a lightly doped 
region adjacent to a channel forming region in 20 
said semiconductor layer; and 
a gate electrode adjacent to said semiconduc- 
tor layer with a gate insulating film interposed 
therebetween, 

wherein said gate electrode comprises a tung- 25 
sten film, a metallic compound film having a 
tungsten compound as its main constituent, or 
a metallic alloy film having a tungsten alloy as 
its main constituent, wherein a taper angle a of 
said gate electrode is in a range from 5° to 85°. 30 

13. The semiconductor device according to claim 12, 
wherein said semiconductor device is an active 
matrix type liquid crystal display device. 

35 

14. The semiconductor device according to claim 12, 
wherein said semiconductor device is an EL display 
device. 

15. The semiconductor device according to claim 12, 40 
wherein said semiconductor device is one selected 
from the group consisting of a video camera, a dig- 
ital camera, a projector, a goggle type display, a car 
navigation system, a personal computer, or a port- 
able information terminal. 45 



17. A method of forming a wiring comprising the steps 

of: 

forming a metallic thin film on a base film; 
forming a resist pattern on said metallic thin 
film; and 

forming said wiring by performing an etching of 
said metallic thin film having said resist pattern, 
wherein a taper angle a of said wiring is 
controlled in accordance with a flow rate of a 
gas containing fluorine. 

18. The method of forming a wiring according to claim 
16 or 17, wherein said etching is performed using 
an etching gas comprising a mixed gas of a first 
reaction gas containing fluorine and a second reac- 
tion gas containing chlorine, and a specific selectiv- 
ity in said etching gas between said base film and 
said metallic thin film is 2.5 or more. 

19. The method of forming a wiring according to claim 
1 6 or 1 7, wherein said metallic thin film is a thin film, 
or a lamination film of thin films, selected from the 
group consisting of: a tungsten film; a metallic com- 
pound film having a tungsten compound film as its 
main constituent; and a metallic alloy film having a 
tungsten alloy as its main constituent. 

20. A method of dry etching comprising a removal by 
an etching gas of a desired portion of a thin film 
selected from the group consisting of: a tungsten 
film; a metallic compound film having a tungsten 
compound film as its main constituent; and a metal- 
lic alloy film having a tungsten alloy as its main con- 
stituent, wherein said etching gas is a mixed gas of 
a first reaction gas containing fluorine and a second 
reaction gas containing chlorine. 

21. The method of dry etching according to claim 20, 
wherein said first reaction gas is a gas selected 
from the group consisting of CF 4 , C 2 F 6 , and C 4 F 8 . 

22. The method of dry etching according to claim 20, 
wherein said second reaction gas is a gas selected 
from the group consisting of Cl 2 , SiC! 4 , and BCI 3 . 



16. A method of forming a wiring comprising the steps 
of: 

forming a metallic thin film on a base film; so 
forming a resist pattern on said metallic thin 
film; and 

forming said wiring by performing an etching of 
said metallic thin film having said resist pattern, 
wherein a taper angle a of said wiring is con- 55 
trolled in accordance with a bias power density 
of an ICP etching device. 



23. The method of dry etching according to claim 20, 
wherein said method of dry etching uses an ICP 
etching device. 

24. The method of dry etching according to claim 20, 
wherein a taper angle a of said wiring is controlled 
in accordance with a bias power density of said ICP 
etching device. 

25. A method of dry etching wherein a taper angle of an 
inside sidewall of a hole or a recess formed by said 
etching is controlled in accordance with a bias 
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power density. 

26. A method of dry etching wherein a taper angle of an 
inside sidewall of a hole or a recess formed by said 
etching is controlled in accordance with a specific 5 
gas flow rate. 

27. The method of dry etching according to claim 25 or 
26, wherein said method of dry etching uses an ICP 
etching device. 10 

28. A method of manufacturing a semiconductor device 
comprising the steps of: 

forming a semiconductor layer over a sub- 15 
strate, said semiconductor layer comprising a 
lightly doped region adjacent to a channel 
forming region in said semiconductor layer; 
forming a metallic thin film over a substrate; 
forming a resist pattern on said metallic thin 20 
film; and 

etching said metallic thin film having said resist 
pattern, thereby to form a gate electrode of a 
thin film transistor, 

wherein said gate electrode comprises a 25 
tapered shape having an taper angle from 5° to 
85°. 

29. The method of manufacturing a semiconductor 
device according to claim 28, wherein said semi- 30 
conductor device is an active matrix type liquid 
crystal display device. 

30. The method of manufacturing a semiconductor 
device according to claim 28, wherein said semi- 35 
conductor device is an EL display device. 

31. The method of manufacturing a semiconductor 
device according to claim 28, wherein said semi- 
conductor device is one selected from the group 40 
consisting of a video camera, a digital camera, a 
projector, a goggle type display, a car navigation 
system, a personal computer, or a portable infor- 
mation terminal. 

45 
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Fig. 1 
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Fig. 7 A 
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Fig. 8A 
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Fig. 9A 



Fig. 9B 
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Fig. 10B 
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Fig. 1 5A 
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